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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The operating method of the internal combustion engine by which air is supplied to an inlet pipe 
(7) through a throttle valve (9), and exhaust gas is returned to an inlet pipe (7) through exhaust gas return 
from an exhaust pipe (8) and which is characterized by dividing the gas mixture object in an inlet pipe (7) 
into a fresh gas-constituents (rffgabg) and inert gas component (rfigabg) and an inflammable-gas component 
(rfhcabg) especially in the operating method of the internal combustion engine (1) of an automobile. 
[Claim 2] The operating method of claim 1 characterized by said exhaust gas f s being returned to an inlet 
pipe (7) through external exhaust gas return (13 14) from an exhaust pipe (8) and external exhaust gas return 
(13 14) being taken into consideration by each 1st dead time (16) which acts on fresh gas constituents 
(rffgabg), an inert gas component (rfigabg), and an inflammable-gas component (rfhcabg). 
[Claim 3] The operating method of claims 1 or 2 characterized by said exhaust gas's being returned to an 
inlet pipe (7) through internal exhaust gas return (4 5) from an exhaust pipe (8) and internal exhaust gas 
return (4 5) being taken into consideration by each 2nd dead time (17) which acts on fresh gas constituents 
(rffgabg), an inert gas component (rfigabg), and an inflammable-gas component (rfhcabg). 
[Claim 4] The operating method of claims 2 or 3 characterized by what it opts for at least by one side of 
determining [ the amount of the exhaust gas returned through that the amount of the exhaust gas returned 
through external exhaust gas return (13 14) is determined as a function of control of an exhaust gas return 
valve (14) and internal exhaust gas return (4 5) ]-as function of control of inlet valve (5) **. 
[Claim 5] Claim 1 to which resurgent gas's being supplied to an inlet pipe (7) from tank aeration (10, 11, 12) 
and said resurgent gas are characterized by being divided into fresh gas constituents (rffgtero) and an 
inflammable-gas component (rfhctero) thru/or one operating method of 4. 

[Claim 6] The operating method of claims 2 and 5 characterized by adding that the fresh gas constituents 
(rffgagro) of said external exhaust gas return and the fresh gas constituents (rffgtero) of said tank aeration 
are added and the inflammable-gas component (rfhcagro) of said external exhaust gas return, and the 
inflammable-gas component (rfhctero) of said tank aeration. 

[Claim 7] The operating method of claims 5 or 6 characterized by determining the amount of the exhaust gas 
supplied through tank aeration (10, 11, 12) as a function of control of a tank vent valve (11). 
[Claim 8] Claim 2 to which the fresh gas constituents (rffgdkro) of the air supplied through the throttle valve 
(9) are characterized by being added to the fresh gas constituents (rffgagro) of said external exhaust gas 
return, and the fresh gas constituents (rffgtero) of said tank aeration thru/or one operating method of 7. 
[Claim 9] an inlet pipe (7) — exhaust gas return (13 14) — and each dead time (18) which acts on the air 
supplied through the throttle valve (9), and the fresh gas constituents of tank aeration (10, 11, 12), an inert 
gas component and an inflammable-gas component — moreover, the operating method of claim 1 
characterized by what is taken into consideration by filtering by the case thru/or either of 8. 
[Claim 10] external exhaust gas return (13 14) — and the operating method of claim 1 characterized by 
adding the air supplied through the throttle valve (9), and the fresh gas constituents of tank aeration (10, 11, 
1 2), an inert gas component and an inflammable-gas component, and adding the fresh gas constituents, inert 
gas component, and inflammable-gas component of internal exhaust gas return (4 5) thru/or either of 9. 
[Claim 1 1 ] Claim 1 to which the fresh gas constituents, inert gas component, and inflammable-gas 
component of exhaust gas in an exhaust pipe (8) are characterized by what it opts for from the fresh gas 
constituents, inert gas component, and inflammable-gas component of a gas mixture object in an inlet pipe 
(7) with a combustion equation thru/or one operating method of 10. 

[Claim 12] Claim 1 characterized by determining the fresh gas constituents, inert gas component, and 
inflammable-gas component of exhaust gas in an exhaust pipe (8) by the sensor arranged in the exhaust pipe 
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(8) thru/or one operating method of 1 1 . 

[Claim 13} the program which can be performed on count equipment, especially a microprocessor is 
memorized, and suitable for activation of the operating method of claim 1 thru/or either of 12 — especially — 
the control member for the control unit of the internal combustion engine (1) of an automobile, especially 
fixed memory (ROM). 

[Claim 14] The exhaust gas return which can return the throttle valve (9) which can be supplied to an inlet 
pipe (7), and exhaust gas to an inlet pipe (7) for air from an exhaust pipe (8) (13 14), In the internal 
combustion engine having the control unit for controlling an internal combustion engine (1) (an open loop 
and/or closed loop) especially for automobiles The internal combustion engine especially for automobiles 
characterized by the ability to divide the gas mixture object in an inlet pipe (7) into fresh gas constituents 
(rffgabg), an inert gas component (rfigabg), and an inflammable-gas component (rfhcabg) with said control 
unit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a thing especially about the operating method of the internal 
combustion engine of an automobile by which air is supplied to an inlet pipe through a throttle valve, and 
exhaust gas is returned to an inlet pipe through exhaust gas return from an exhaust pipe in an internal 
combustion engine. This invention relates to the internal combustion engine having the exhaust gas return 
similarly which can return the throttle valve which can be supplied to an inlet pipe, and exhaust gas to an 
inlet pipe for air from an exhaust pipe, and the control unit for controlling an internal combustion engine (an 
open loop and/or closed loop) for automobiles especially. 
[0002] 

[Description of the Prior Art] The demand to the newest internal combustion engine about reduction of the 
harmful matter contained in the exhaust gas with which the fuel consumed is reduced and discharged thru/or 
exhaust gas is becoming still higher. This is the same semantics as the purpose of improving combustion of 
an internal combustion engine's combustion chamber, and attaining the most perfect possible combustion 
especially. In order to reduce nitrogen oxides, the exhaust gas discharged from a combustion chamber is 
returned to an inlet pipe, therefore a combustion chamber, and burns further anew. External exhaust gas 
return can perform, a controllable exhaust gas return valve is prepared in exhaust gas return piping in this 
external exhaust gas return, and this can set up the amount of the exhaust gas which should be returned by 
this valve, preparing internal exhaust gas return as an alternative mode or an additional mode - possible - 
this internal exhaust gas return — setting — an internal combustion engine's inlet valve — the between like an 
internal combustion engine's exhaust air line — at least — short- time ******** — it is controlled like. 
Exhaust gas can reach an inlet pipe from an internal combustion engine between this time amount, and this 
shows exhaust gas return. 

[0003] Other means for improving operation of an internal combustion engine are to grasp correctly the 
combustion process performed by an internal combustion engine's combustion chamber, and, thereby, this 
combustion process can be taken into consideration especially in the amount of supply of the fuel to a 
combustion chamber. The method of attaining this is to form an internal combustion engine, especially the 
combustion process of a combustion chamber as a model. In this case, a model is understood to be a kind of 
engine monitor. Thus, it becomes possible from a model at each time reception or to lead about the 
conditions which exist in a combustion chamber. As a function of this, an internal combustion engine's 
operation variable, for example, the mass flow rate of a fuel supplied, can be determined the optimal, and it 
can be set up. 
[0004] 

[Problem(s) to be Solved by the Invention] It is the technical problem of this invention to improve the 

operating method of an internal combustion engine given in the beginning with a model. 

[0005] 

[Means for Solving the Problem] This technical problem is solved especially in the internal combustion 
engine of an automobile and its operating method by [ to which air is supplied to an inlet pipe by this 
invention through a throttle valve, and exhaust gas is returned to an inlet pipe through exhaust gas return by 
it from an exhaust pipe ] dividing the gas mixture object within inhalation of air into fresh gas constituents, 
an inert gas component, and an inflammable-gas component. 

[0006] The gas mixture object supplied to a combustion chamber is based on the knowledge of having a 
fresh gas-constituents and inert gas component and an inflammable-gas component for this invention by this 
gas mixture object rather than consists of only air. In this case, with fresh gas, it is understood as gas 
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required for combustion, for example, oxygen. With inert gas, it is understood as the gas which cannot burn, 
for example, a carbon monoxide, and a carbon dioxide. Moreover, it is understood as the gas which turns 
into inflammable gas from fuel vapor. 

[0007] Thus, it is used when dividing a gas mixture object into these components determines an internal 
combustion engine's model to the gas mixture object supplied to an inlet pipe. The gas mixture object 
supplied to an inlet pipe is also divided into fresh gas, inert gas, and inflammable gas. At this time, the 
model of combustion an internal combustion engine's combustion chamber is formed as a foundation of this 
division. 

[0008] It is possible to determine the exact model of restoration within inhalation of air by dividing into the 
above-mentioned component the gas mixture object supplied to an inlet pipe, as shown in this invention. 
Therefore, the precision fall of model formation is avoided. Similarly, it is possible to process each 
component of exhaust gas separately. Thereby, precision also rises farther. It is separately combinable with 
the fresh gas constituents of the air to which the fresh gas constituents for example, in exhaust gas are 
especially supplied through a throttle valve. Thus, the precision fall generated in association with the air 
supplied and the returned whole exhaust gas is avoided. 

[0009] The combustion process in a combustion chamber can be presumed by restoration by which 
especially an internal combustion engine's inhalation of air within the pipe one was modeled with the model. 
This indicates the possibility of determining more correctly than before the rate of the air which flows 
through the fuel and/or throttle valve which were injected, and/or exhaust gas return, and especially this 
makes the exhaust gas generated, therefore the harmful matter discharged reduced. 

[0010] In the advantageous embodiment of this invention, exhaust gas is returned to an inlet pipe through 
external exhaust gas return from an exhaust pipe, and external exhaust gas return is taken into consideration 
by each 1st dead time which acts on a fresh gas-constituents and inert gas component and an inflammable- 
gas component. Exhaust gas is taken into consideration in the alternative mode or the additional mode of 
this invention by each 2nd dead time when it is returned to an inlet pipe through internal exhaust gas return 
at from an exhaust pipe, and internal exhaust gas return acts on a fresh gas-constituents and inert gas 
component and an inflammable-gas component. It is usable to the model determined by this easy approach 
in the time amount which needs the exhaust gas discharged from the combustion chamber in order to reach 
an exhaust pipe from an inlet pipe thru/or a combustion chamber. 

[001 1] In the advantageous embodiment of this invention, the amount of the exhaust gas with which the 
amount of the exhaust gas returned through external exhaust gas return was determined as a function of 
control of an exhaust gas return valve, and/or was returned through internal exhaust gas return is determined 
as a function of control of an inlet valve. Therefore, it is possible to calculate the amount of the exhaust gas 
returned through external exhaust gas return from control of an exhaust gas return valve to a model. It is 
possible similarly to presume the amount of the exhaust gas returned through internal exhaust gas return 
from control of an inlet valve. 

[0012] In the advantageous embodiment of this invention, resurgent gas is supplied to an inlet pipe from 
tank aeration, and resurgent gas is divided into fresh gas constituents and an inflammable-gas component. 
Tank aeration shows other means by which the harmful matter emitted into air by that cause decreases, and 
a fuel is saved by coincidence. Uptake of the fuel which evaporates in a certain situation at least in a fuel 
tank is carried out without being emitted into atmospheric air, and it is supplied to combustion according to 
an inlet pipe. This resurgent gas that occurred from the fuel tank is also divided into the aforementioned 
component by this invention. However, unlike the returned exhaust gas, resurgent gas contains only fresh 
gas constituents and an inflammable-gas component excluding the inert gas component. 
[0013] In the advantageous embodiment of this invention, the fresh gas constituents of external exhaust gas 
return and the fresh gas constituents of tank aeration are added, and the inflammable-gas component of 
external exhaust gas return and the inflammable-gas component of tank aeration are added. By this 
invention, the returned exhaust gas and the component to which resurgent gas corresponds are added. The 
aforementioned component will be separately taken into consideration in this way, consequently will raise 
the precision of the model of combustion by this invention as mentioned above. 

[0014] It is advantageous especially when the amount of the exhaust gas supplied through tank aeration is 
determined as a function of control of a tank vent valve. In an advantageous embodiment, the fresh gas 
constituents of the air supplied through the throttle valve are added to the fresh gas constituents of tank 
aeration by the case with the fresh gas constituents of external exhaust gas return. The component to which 
the returned exhaust gas and the supplied air correspond by this invention is also added. The aforementioned 
component will be separately taken into consideration in this way, consequently will raise the precision of 
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the combustion model by this invention as mentioned above. 

[0015] It is taken into consideration in other advantageous embodiments of this invention by each dead time 
when the air which exhaust gas return reached and was supplied through the throttle valve reaches at, and an 
inlet pipe acts on the fresh gas constituents, inert gas component, and inflammable-gas component of tank 
aeration by the case. Thus, the pass time within inhalation of air can be used for the determined model. 
[0016] In the advantageous embodiment of this invention, the air which external exhaust gas return reached 
and was supplied through the throttle valve reaches, the fresh gas constituents, inert gas component, and 
inflammable-gas component of tank aeration are added by the case, and the fresh gas constituents, inert gas 
component, and inflammable-gas component of internal exhaust gas return are added. By this invention, the 
returned exhaust gas and the component to which the supplied air corresponds are added. The 
aforementioned component will be separately taken into consideration in this way, consequently will raise 
the precision of the combustion model by this invention as mentioned above. 

[0017] In the advantageous embodiment of this invention, the fresh gas constituents, inert gas component, 
and inflammable-gas component of exhaust gas in an exhaust pipe are determined by the combustion 
equation from the fresh gas constituents, inert gas component, and inflammable-gas component of a gas 
mixture object within inhalation of air. The fresh gas constituents, inert gas component, and inflammable- 
gas component of exhaust gas in an exhaust pipe are able to be determined as an alternative mode or an 
additional mode by the sensor arranged in the exhaust pipe. Thus, the relation to the exhaust gas in an 
exhaust pipe is formed through an internal combustion engines combustion chamber from the gas mixture 
object within inhalation of air. 

[001 8] Especially the thing for which the approach by this invention is performed with the gestalt of the 
control member in which it is especially prepared for the control unit of the internal combustion engine of an 
automobile is important. In this case, a program is memorized by the control member, and a program can 
perform on count equipment, especially a microprocessor, and it is suitable for activation of the approach by 
this invention. In this case, this control member that this invention was performed by the program 
memorized by the control member, therefore was equipped with the program shows this invention like that 
method of being suitable for activation of a program of this approach. As a control member, an electric-type 
storage (ROM), for example, fixed memory, may be used. 
[0019] 

[Embodiment of the Invention] The internal combustion engine 1 of an automobile is shown in drawing 1 , 
and a piston 2 can reciprocate within a cylinder 3 in an internal combustion engine 1 . A combustion 
chamber 4 is established in a cylinder 3, and especially the combustion chamber 4 is surrounded by the 
piston 2, the inlet valve 5, and the outlet valve 6. An inlet pipe 7 is combined with an inlet valve 5, and the 
exhaust pipe 8 is combined with the outlet valve 6. Similarly, the ignition plug is attached to the combustion 
chamber 4 with the injection valve and the case. 

[0020] The pivotable throttle valve 9 is formed in an inlet pipe 7, and air can be supplied to an inlet pipe 7 
through a throttle valve 9. The amount of air supply is the function of the angular position of a throttle valve 
9. The tank aeration piping 10 is flowing into the inlet pipe 7 between a throttle valve 9 and a combustion 
chamber 4. The tank aeration piping 10 is combined with the charcoal filter 12 through the tank vent valve 
1 1 . The resurgent gas which evaporated in the fuel tank of an automobile and was filtered within the 
charcoal filter 12 can be supplied to an inlet pipe 7 through the tank aeration piping 10. The resurgent gas 
amount of supply is the function of the location of the tank vent valve 1 1 . 

[0021] The exhaust gas return piping 13 is returned to an inlet pipe 7 from an exhaust pipe 8, and the 
exhaust gas return piping 13 is flowing into the inlet pipe 7 between a throttle valve 9 and a combustion 
chamber 4 in this case. It is possible to return exhaust gas to an inlet pipe 7 from an exhaust pipe 8 through 
the exhaust gas return piping 13. The exhaust gas return valve 14 is formed in the exhaust gas return piping 
13, and the amount of exhaust gas return is the function of the location of the exhaust gas return valve 14. 
[0022] Next, how to determine with a model is explained for the number of the particles which flow into an 
inlet pipe 7 and flow out of it by drawing 2 . This number is further used in explanation of the model shown 
in drawing 3 . 

[0023] The sign currently used for drawing 2 is explained to the Appendix 1 . The formula of relation is 
indicated by the Appendix 2 at drawing 2 . In between like the inhalation-of-air line in an internal 
combustion engine 1 in about one line of the piston in a cylinder 3, a particle number Nzylneu is taken out 
from an inlet pipe 7. This is given by subtracting a particle number Nzylirg from a particle number Nzylges. 
[0024] The particle number Nzylges expresses the particle number which can be absorbed by the piston 2 
from an inlet pipe 7 based on the maximum existence volume of a combustion chamber 4. The maximum 
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existence volume of a combustion chamber 4 is the function of the cylinder capacity Vhub of a piston 2, and 
the invalid* volume Vtot which a combustion chamber 4 has. A particle number Nzylges can be calculated by 
the general formula, and the temperature tbres in the combustion chamber 4 when the inlet valve 5 has 
closed in this case, and the pressure psaug in an inlet pipe 7 are taken into consideration. 
[0025] Since the particle number which remains as invalid volume in a combustion chamber 4 was 
expressed and this particle number remains in addition in the combustion chamber 4 of a cylinder 3 from the 
last combustion as mentioned above, a particle number Nzylirg is not absorbed by the piston 2 from an inlet 
pipe 7. A particle number Nzylirg is a function of the invalid volume Vtot which a combustion chamber 4 
has. A particle number Nzylirg is calculated in a general gas formula, and the temperature tbras in the 
combustion chamber 4 when the outlet valve 6 has closed in this case, and the pressure pabg in an exhaust 
pipe 8 are taken into consideration. 

[0026] The particle number Nzylneu taken out from the inlet pipe 7 is changed into a particle number 
Nabges, i.e., the particle number per unit time amount, after that. For this reason, the multiplication of the 
particle number Nzylneu is carried out to an internal combustion engine's 1 rotational speed nmot. Since a 
four-cycle engine is used as an internal combustion engine 1 and a four-cycle engine has like 1 inhalation- 
of-air line every two rotations, the multiplication constant K is used. The conversion to a second from a part 
are performed to coincidence by the constant K. 

[0027] Particle flow Nabges is convertible for the sum total relative fill rfges which flows out of an inlet 
pipe 7, and flows into a combustion chamber 4. The outflow of the particle from an inlet pipe 7 to into a 
combustion chamber 4 forms an inflow into an inlet pipe 7 in coincidence. In this case, particle flow Nzuges 
is equivalent to it. 

[0028] Particle flow Nzuges is convertible for the sum total relative fill rfgesro which flows in an inlet pipe 
7. Particle flow Nzuges consists of particle flow Nzudk, Nzutev, and Nzuagr. Particle flow Nzudk consists 
of air and flows into an inlet pipe 7 through a throttle valve 9. Particle flow Nzutev consists of resurgent gas, 
and flows into an inlet pipe 7 through the tank aeration piping 1 0. Particle flow Nzuagr consists of exhaust 
gas, and flows into an inlet pipe 7 through the exhaust gas return piping 13. 

[0029] Particle flow Nabges which flows out of an inlet pipe 7 is subtracted from particle flow Nzuges 
which flows into an inlet pipe 7. This result is supplied to an integrator 15 and the integrator 15 models the 
storage property of an inlet pipe 7. An integrator 15 forms a particle number Nsaugges from the particle 
flow supplied to the integrator 15, i.e., the particle number supplied to per unit time amount. This particle 
number Nsaugges shows the particle number which exists in an inlet pipe 7 at each time. 
[0030] The pressure psaug in an inlet pipe 7 can be determined from a particle number Nsaugges using a 
general gas formula. For this reason, the volume Vsaug of an inlet pipe 7 and gas-temperature tsaug in an 
inlet pipe 7 are taken into consideration. The particle number Nzylges could be determined from the 
pressure psaug in an inlet pipe 7, and the particle number Nzylneu could be determined from the particle 
number Nzylges, and explanation of the beginning of drawing 2 has left the particle number Nzylneu. 
[0031] The model of drawing 2 is shown in drawing 3 in consideration of combustion of the fuel/air mixture 
of the combustion chamber especially in the internal combustion engine 1 . The sign currently used in 
drawing 3 is explained to the Appendix 3. The formula of relation is indicated by the Appendix 4 at drawing 
3 . 

[0032] It sets like each exhaust air line of an internal combustion engine 1, and exhaust gas rfabgges is 
discharged by the exhaust pipe 8 from a combustion chamber 4. This exhaust gas rfabgges serves as fresh 
gas-constituents rffgabg from the inert gas component rfigabg and the inflammable-gas component rfhcabg. 
Fresh gas-constituents rffgabg expresses gas required for combustion, for example, oxygen. The inert gas 
component rfigabg expresses non-flammable gas, for example, a carbon monoxide, or a carbon dioxide. For 
example, the gas which consists of fuel vapor is understood to be the inflammable-gas component rfhcabg. 
[0033] This relative fill is changed into the concentration kfgabg, kigabg, and khcabg of relation by doing a 
division by sum total exhaust gas rfabgges discharged by fresh gas-constituents rffgabg, and the inert gas 
component rfigabg and the inflammable-gas component rfhcabg expressing a relative fill. This is shown in 
the conversion block 19. 

[0034] Concentration kfgabg, kigabg, and khcabg is supplied to the dead-time element 1 6, respectively, and 
time amount required in order to return exhaust gas to an inlet pipe 7 through the exhaust gas return piping 
13 with the dead-time element 16 from an exhaust pipe 8 is modeled. The exhaust gas return performed with 
the dead-time element 16 through the exhaust gas return piping 13 and the exhaust gas return valve 14 is 
also taken into consideration. This shows external exhaust gas return. 

[0035] Exhaust gas rfagro returned through the exhaust gas piping 13 as a function of the location of the 
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exhaust gas return valve 14 can be determined. The relative fill of relation is again obtained by carrying out 
multiplication to exhaust gas rfagro which was able to return the concentration kfgabg, kigabg, and khcabg 
by which time delay was carried out. This is shown in the multiplication block 20 and the components 
rffgagro, rfigagro, and rfhcagro returned through external exhaust gas return by the multiplication block 20 
are determined. These components express fresh gas-constituents rffgagro, the inert gas component rfigagro, 
and the inflammable-gas component rfhcagro which are returned to an inlet pipe 7. 
[0036] Concentration kfgabg, kigabg, and khcabg is similarly supplied to the dead-time element 17, 
respectively, and the time amount between two combustion in which the same cylinder 3 gets mixed up with 
the dead-time element 17 is modeled. 

[0037] As drawin g 2 was explained, in each combustion, the invalid volume containing exhaust gas remains 
in an internal combustion engine's 1 combustion chamber 4. This invalid volume must be again taken into 
consideration in the next combustion. This is attained by return through the dead-time element 1 7, and is 
expressed as internal exhaust gas return. 

[0038] In addition to the invalid volume which remains, such return of the exhaust gas from a combustion 
chamber 4 to an inlet pipe 7 can be further increased by opening an inlet valve 5 a certain time at least in 
between like an internal combustion engine's 1 exhaust air line. Exhaust gas is returned to an inlet pipe 7 
from the direct combustion chamber 4 between this time amount. This exhaust gas return expresses the so- 
called interior exhaust gas return of expansion, and this internal exhaust gas return must be similarly taken 
into consideration in the next combustion. This is similarly attained by the dead-time element 17. 
[0039] The amount rfirg of the exhaust gas returned directly can be determined as the function of the invalid 
volume in an internal combustion engine's 1 combustion chamber 4, and a function of the control of an inlet 
valve 5 by the case. The multiplication block 21 can determine next the components rffgirg, rfigirg, and 
rfhcirg returned through internal exhaust gas return from the time delay concentration kfgabg, kigabg, and 
khcabg using this value. These components express fresh gas-constituents rffgirg, the inert gas component 
rfigirg, and the inflammable-gas component rfhcirg which are returned to an inlet pipe 7. 
[0040] Resurgent gas rftero supplied to an inlet pipe 7 through the tank aeration piping 10 consists of fresh 
gas-constituents rffgtero and an inflammable-gas component rfhctero. The total quantity rftero of resurgent 
gas can be determined through the location of the tank vent valve 1 1 . As a function of the concentration of 
resurgent gas rftero, the percent rate rffgtero of fresh gas constituents and the percent rate rfhctero of an 
inflammable-gas component can be presumed next. 

[0041] Especially the air supplied to an inlet pipe 7 through a throttle valve 9 as a function of the existing 
pneumatic pressure has predetermined fresh gas-constituents rffgdkro. Fresh gas-constituents rffgdkro of 
this last, fresh gas-constituents rffgtero of resurgent gas, and fresh gas-constituents rffgagro of external 
exhaust gas return are added. This result is supplied to the division block 22. 

[0042] The inert gas component rfigagro of external exhaust gas return is similarly supplied to the division 
block 22. The inflammable-gas component rfhctero of resurgent gas and the inflammable-gas component 
rfhcagro of external exhaust gas return are added, and then are supplied to the division block 22. 
[0043] As drawing 2 was explained, the sum total relative fill rfgesro which flows in an inlet pipe 7 can be 
determined from particle flow Nzuges. The relative fill determined by addition in part is supplied to the 
division block 22, and is changed into concentration by doing a division by this sum total relative fill 
rfgesro. 

[0044] Time delay of the called-for concentration is carried out with the dead-time element 18. Thereby, 
conveyance to the inlet pipe 7 of a gas mixture object is modeled. A low-pass filter may be further prepared 
in the dead-time element 18, and mixing while a gas mixture object passes through the inside of an internal 
combustion engine's 1 inlet pipe 7 can be modeled with this low-pass filter. In this case, the dead-time 
element 1 8 is related to the fresh gas, inert gas, and inflammable gas which constitute the gas mixture object 
in an internal combustion engine's 1 inlet pipe 7. 

[0045] As drawing 2 was explained, the sum total relative fill rfges which flows out of an inlet pipe 7 can be 
determined from particle flow Nabges. By carrying out multiplication to the sum total relative fill rfges of a 
multiplication block 23 smell lever, the concentration by which time delay was carried out with the dead- 
time element 18 can be again converted into a relative fill, and, moreover, can be converted into the relative 
fill rffg to fresh gas, the relative fill rfig to inert gas, and the relative fill rfhc to inflammable gas. 
[0046] The external exhaust gas return performed through the exhaust gas return piping 13 is combined with 
the inlet pipe 7 as shown in drawing 1 . From this reason, the component of relation is combined with 
external exhaust gas return before the dead-time element 1 8 which modeled the inlet pipe 7. Unlike this, 
internal exhaust gas return is directly performed in a combustion chamber 4, or is additionally performed by 
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the case from a combustion chamber 4 to an inlet pipe 7. From this reason, the component of relation is 
combined with the internal exhaust gas return valve by the backside [ the dead-time element 1 8 which 
modeled the inlet pipe 7 ]. 

[0047] Fresh gas-constituents rffg and fresh gas-constituents rffgirg of internal exhaust gas return are added. 
Calculated fresh gas-constituents rffguvg shows the fresh gas supplied to a combustion chamber 4. The inert 
gas component rfig and the inert gas component rfigirg of internal exhaust gas return are added. The called- 
for inert gas component rffguvg shows the inert gas supplied to a combustion chamber 4. The inflammable- 
gas component rfhc and the inflammable-gas component rfhcirg of internal exhaust gas return are added. 
The called-for inflammable-gas component rfhcuvg shows the inflammable gas supplied to a combustion 
chamber 4. 

[0048] The relative fuel mass flow rate rk is injected by the combustion chamber 4. In a combustion 
chamber 4, this fuel mass flow rate rk and fresh gas-constituents rffguvg, the inert gas component rfiguvg, 
and the inflammable-gas component rfhcuvg are lit with an ignition plug, and burn. The exhaust gas which 
has fresh gas-constituents rffgabg, the inert gas component rfigabg, and the inflammable-gas component 
rfhcabg like this time from this combustion was called for, and explanation of the beginning of drawing 3 is 
left from these components. 

[0049] The exhaust gas in the exhaust pipe 8 which consists of fresh gas-constituents rffgabg, an inert gas 
component rfigabg, and an inflammable-gas component rfhcabg can be determined from the gas mixture 
object supplied to the combustion chamber 4 through the inlet pipe 7 by the following combustion 
equations, and this gas mixture object consists of fresh gas-constituents rffguvg, an inert gas component 
rfiguvg, and an inflammable-gas component rfhcuvg in this case. 
[0050] A degree type is materialized to fresh gas. 
[0051] 
[Equation 1] 

rffgabg = rffguvg - <rk * 7/^ * rfhcuvg * 30> 

[0052] It is here and is maximum <>=rffguvg. etavb shows the rate which actually bums in a combustion 
chamber 4 among the relative fills rfhcuvg of the inflammable gas supplied to the combustion chamber 4. 
Especially this rate is obtained from sum total inflammable-gas rfhcuvg supplied to the combustion chamber 
4 as homogeneity supply not being caught by the ignition frame by the case, therefore not burning in the 
stratification supply obtained from direct injection and it of the relative fuel mass flow rate rk into a 
combustion chamber 4. 

[0053] A multiplier 30 is obtained from the stoichiometry of fresh gas and inflammable gas, and are mass 
ratio 1:15 and a density ratio 1 :2, concerning butane in this case. The value in parenthesis expression <> is 
subtracted from the fresh gas rffguvg supplied to the combustion chamber 4. The reason is the fresh gas 
which the supplied inflammable gas which fuel-mass-flow-rate-rk(ed) and was supplied was changed, 
therefore was supplied "is consumed" in combustion. 
[0054] A degree type is materialized to inert gas. 
[0055] 
[Equation 2] 

rfigabg m rfiguvg + <rk * rj^ * rfhcuvg * 30> 

[0056] It is here and is maximum <>=rffguvg. In this case, the value in parenthesis expression <> is added 

to inert gas rfiguvg supplied to the combustion chamber 4. It is because the inflammable gas with which the 

reason was supplied in combustion and which fuel-mass-flow-rate-rk(ed) and was supplied is changed, and 

forms exhaust gas, therefore still a lot of inert gas occurs. 

[0057] A degree type is materialized to inflammable gas. 

[0058] 

[Equation 3] 

rfhcabg = rfhcuvg * (l - 7j vb > 

+ <(rk + 7j vb * rfhcuvg * 30) - (rffguvg / 30) > 

[0059] It is here and is minimum <>=0. Inflammable-gas rfhcabg is one side and only the rate which 
actually burned in the combustion chamber is reduced. On the other hand, amendment is performed by the 
value in parenthesis expression <>, and this amendment is required in especially rich mixture. 
[0060] An epitome determines fresh gas-constituents rffgabg, the inert gas component rfhcabg, and the 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/18/2006 



JP,2000-038960,A [DETAILED DESCRIPTION] 



Page 7 of 7 



inflammable-gas component rfhcabg which are contained in the exhaust pipe 8 using a combustion equation 
in this way. 

[0061] As an alternative mode or an additional mode, fresh gas-constituents rffgabg, the inert gas 
component rfigabg, and the inflammable-gas component rfhcabg which are contained in the exhaust pipe 8 
can be determined by the sensor arranged in the exhaust pipe 8. 

[Translation done.] 
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g e s *J&3WS 0 CCDS^ifcN s a u g g e s -e 

ft*ftoi«*Kfci»rft««7rtfci^r*tt j F-«*^ 

To 

[0 03 0] — «M*&S5*fflC»T. tfcflRN s a u g 
g e s*6, R»e7rt(DBE*P s a u g*^£"T*C 
£#^#4. COtctblc^ R«f7©8avsaug*y 
20 J:omf t s a u g^a$ti6 0 ft 

M©7f*3(DEK>p s aug*6ttflRNz ylges?: 
i&EU ^ofi^RN zylges A>6tt-?-ttN z y 1 
neu*8B£t5Cim, H2<DBBBCDBiW«. tt 
«Nzy 1 n eufr&ttiSeLTHS. 

[0 03 1 1 H3CC. B2©*7 ! ^, £<&Crt£*t£W 

A3 KlfflShWS. m 3 CCM»©5£WttA4 CclBtS 

30 [0032] ftttmrn i ©«»fiwfe«:*5i»r . umm 

4*>6SMMf 8 tCgfm^X rfabgges sWWfflSft 
COSta^rf abggeslt 7U9^»J!/X 
J&fr rf fgabgi, ^R§tt#;*J&fr rf igabg 
£. pJ«S1*#Xl£#r f hcabgi^ftot^. 
7 1/9 is^tfxma r ffgabglt j&jK<Dfcg>tCi& 

»rf igabgtt, ^«tt^fci*«— WbKJR* 

KZUMt. nj*8tt^J5S»r f h c abgiS»Sft 

40 

[0 03 3] 7br>*^Mr f fgabgi, 
*Stt^«»r f i gabgi, ^MB&tf^Jifc&r f h 
cabgi {«B*t5t«**a^) L . C ©ffi«3te»«tt, 
gfaSfti^ftSF^^r f a b gg e s«mc 
BBalOifiKk f ga b g, kigabgW 
t>'kh c a b GrtCX&SftS. Ctl^ffiftT'P v ^ 1 9 

[0 034] jggkf gabg, ki gabgW^k 
hcabgit *ft*fttf««FlH«3Rl 6CC«*&Sft, 

so tf/cB$ras^i 6tc<to, sf«//^*gp»«8*e>»a 
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*/*RLE«l 3*^UT!ft»«7«:RTte»«:iiWtt 
^RlEf 1 3iJ:C«»^RL^l 4*^UTtf 

[0 03 5] gf««/XRb#l 4(D&m<DmmtLX. 
SmtfXKKl 3*^UTRSft*»*W/*r fagr 
o^t^Cim^o B$WiEB3hfc«fik f ff 
abg, k i gab gtoi^kh cabgl:, MZfitc 
%m#*T fagr oiSmciWl SOTOSI 
<Dffl^«***»6ftS. Cft#«*:7n**2O0Ci* 

LTRSftfcfiKa.r f fgagro, rf igagr 
o, rf hcagro*sftSStiS, Cft6<DJ5fc#tt* 
»«f 7 JCRS tii 7 U ? #^J3E^ r f fgagr 

0 . ^Rgtt^fX^ rfigagro *5<fc &WJffl£*fA 

fhcagr o^IfcltCiSc 
[0036]?SIkf gabg, kigabgfc^k 
hcabg«, ra«Cc*ft-efttr TEBIIfflg* 1 7 fc«*& 

a-r £ 2 ^(D^oracD^H^^wtsft^o 

[0 03 7] H2teBBLTt»MUfccfc5CC % &JKft(c:b 

tf#«3ft&»ftttfr6&l>. Cfttt, tf/cESFffflKR 1 
7*^UT©RLteJ:»jarJ5S3ft. *-ort®gEA:tfXR 

[0 03 8]^tWi^g{cMt, &K£4*> 

1 ©sifiiff e<£RUtt:AP# 5 a*4>fc < i t * 

b#hi<e«l gfm^«a:s^^4^6^^7^M3 
ft^o cogfm^/xMu« v i>t>®zttfrft$mmtfx 

«8Cc*sl^r#fl[Sft36cWfttttt63Q:Ci. tfttt, H«fc 

trtafisrasxi 7fcioafijESfts. 

[003 9] fttimm 1 <Dt$&^ 4 tc fctt ^S^»(D 

ilt, iB«RSft4»a^©fir f i r g£<&£*r 
^cim^, coM^r, 'XtcmMzruvVZ 
1«:J:D, B$R83Ii*?SKk f gabg. kigabgfc 
Mkh cab g*»*>, rt^f»:tf;*Rl/*:/rLTRS 
nWrf f gi rg, rf igi rg, rfhci 

rg^t^cim^ cft6(D^«, g^m^ 

7CCR3ft£:7 \svis*#xm&r f f g i r g, ^ffi 
tt#*«E#r f igir srteJ:»pI«tt^JSlE» r f h 
c i r g£r^bU*r:t>£> 0 

[0040] *>*ii«sei o^or®gf7tc« 

^hSIIt^rf terolt 
rffgter o*5£&aim&*JXJ&ftr f h c t e r 
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0^66-5^5. S^'XCD^i+Sr f t e r ott, 
1 KDfil^Lt^t^Ci^ 
r f t e r o CD?gK<DH8£fc<h Lt k awe? 
U y is* ~-fer> hfJ^r ffgtero* 

J:CffiT«tt*f^fiS»©-r<— fe> hfH^ r f h c t e r o 

[0 04 1 ] i < K^ffiT6£«I£<Dil8£fc<b br, g&m 
«7«C«f5#9*^rOr«tt&3ftSffi»tt, BffffiO^b 
•r>^*'X^r f f g d k r o^ltt^ 0 C©f 
10 fi07U5r^^ffi»r f f gdk r o, S£#J*(D 
7 1/r>*Wr ffgter o*5<tO'^SPg^^ 
*Kl<CD:7 t^tfXJsK^r ffgagr o&timS 
ft£ e CCDSStt»»^a^^2 2&C«*S3ft£ 0 

[0 04 2 ] W^tMXXMLCD^&Xxmft r f i 
gagrolJ, l5l«CC|»»^0-yf 2 2CCftieSftS. 
S4^©pJ*8tt^JSS»r f h c t e r o*$<fcO^SB 
Sta^RL©pI«Stt^fi6» rfhcagrott.jp 
#3ft, ^o^cc»»^a^^2 2«:«|&Sft* 0 

[0043]i2{CiLTiSHJL/a^tC, tahPjfcftN 

20 zuges^ 4 »«*7 rttcSAt z^mm^mm 

r f g e s r o*ft£t5CimS. — BHJOfffc: «£ 
0^«3ft/ctB»^ttS:tt, mWT'u ^22 Ccfitt&S 
ft-C, C<ZteIttB*f*Bttr f g e s r oti»«C 

[0044] nt#>t>ti?cmmz. t*tmmmm 1 8 «c ± 
^©aes^^wbsfts. t^B^misRi sccsj&cc 

msx i 8 tt, ftfflsm i <D»«t7rt0^i^B* 

[0 04 5] H 2 CCBBUTKW 0^:0:5 fi-T«ftN 
abges^ 8RSIS7 *>e>SEfflr 
r f ge s^t6Cc!:«t^ 3 
ec*JliTCO^fHB»3E**r f g e s i**tSCi 
£ <fc 0 % ttftDSIBKX 1 8 (rCj: 0 B$58jffiJ£3 ft/c?«S 

40 * A # x CC*tT & mttt&* rffg, ^RStttfx 

st-r^TOWr f i fffccfcc/pjjKtt^ccw-rsffl 

r f h cKl»©-rsc<t#-C#S. 
[0 04 6] SMW/XRLESl 3^r^UTtft)ft^^ 

RE^tt, ©m^7^^5 :r ;MbL/c^/cB#rH^*l 8CD^ 
tu-C*£^3ftri^ 0 CftittM^cO. rtSB»«//^R 
Utt. «MS*4rtritt»fft)ft*3&>, *fctt. W^tcJ: 
0. 5I»D^cj^^4^^gKm i g7Mf^)ft'5o c<DS 



11 

[0 04 7] 71/? is^iixtifo r f f fir *5<fc^rtSPSt 
SW/XRUCD? IsvisartXfi&ftT ffgir g^fllffit 
*»6tifc7 U y V* r f fguvg 

tt*f^flt»r f i g*AiyW»»SW^RU(Wgl4* 
Xl£#r f igir g«?nj B ^^n/c^ft 
#Xfl»rf fguvgtt, jKtttt4€cfttd3ti«7S 
tt*/X*jjVr. W«Stt^fifi»r f hc;fa<fcaVi8W*» 10 
*XRL©pJjKtt^^r f h c i r g&timstl 
*a>e>ti/c"5Jj|R14^J3E»r fhcuvgil 

[0 048] lftgg£4 CctB^fUHtiftK r k#«f S 

»rf fguvg, ^FStt^/Xj3E»r f i guvg&cfc 
&*MB&*fXI&ar fhcuvgd («lS4rtr^* 

rffgabg = rf fguvg - <rk 
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6, C0i ^lilitc 7 U -r>a ^'^^ r f f g a b 
g, ^§tt#;*JSfc#r f i g a b g *j<tcnfI*8tt*^JsS 
#r f h c a b g**T4»«^«ft6ft, 13© 

[0 04 9] 7 l/yt' r f f gabg, ^Fr£ 
tt#*J5S# r f i * a b g *5 «fc U^m&tf Zf&ft rfh 
cab**6ftSgp««8rt©»»#*«: % «TO«8*S 
S5CC«tO. ^«7*^Ur«^4CCfl^3tifc^ 

^»«, 7 1/9 Is* *?Xf&ft rffguvg. ^r£tt# 
*tt»r figuv gfcJ:£^*&1±;tfXJ&# rfhcu 
Vg^6^Cotl^ B 

[0050] 7 u ? ^^^tc»Lt«^ffiir 

[0 05 1 ] 

[ttl ] 

T?vt, * rfhcuvg * 30> 



[0 05 2] CCr, Wck<> = rf fguvg. 77 vb 
tt. «8^4^^$n/cpJttStt^(DtB*f^t«ar f 

h c u v g(D^ ^risgtcj^S4rtr»jsn^ 

SStttfX r f h c u v g&m^lcj: 0 ^7 Ate J: 

[0 05 3] 0\ty\sv^*tfXLTQmk1JXL%i 

rfigabg - rfiguvg + <rk 

[0056] ccriA<>= r ffguvg, com 
t&RS&loftoW*. *«S4Cc«jestiyt^ffi 
tt*/* rf igu v gtcsas^n^o ^<Dii« t 



20 SJtl : 1 SfcctCfflfffitbl : 2T*S. B«*3a<> 
rtOfflW, jia^4CCfl«&3tifc7l/yS/a^r f f 

[0054] ^iitt^ccw It B^AdsjttA-r -s 0 

[0 05 5] 
[»2] 

TJvt, * rfhcuvg * 30> 

[0057] pj«tt#^{cs* ur tt&^satr 

[0 05 8 ] 
[&3] 



rfhcabg = rfhcuvg * (1 - ) 

+ < (rk + tj vb * rfhcuvg * 30) 



frf fguvg / 30) > 



[0 05 9] C Crft/K>= 0 o pj*8tt#* rfhc 

^fiisnri^. ffr£T\ gina3R<>rt(Dfficcj:o 40 

[0 06 0 ] BfitSt, C©J:^cMJ^l^, 
SFa«8rtCC^*nTCi47U^^»^JS6»r f f g 
abg, ;R^#Xj£# rfhcabg, *5«fc»nJ«Stt 
ii^fSftr f h c a b g&®fe$ti2> 0 

[0061] RwmmzMtmmmmt it, nmms 

n^C^tiXl^y l/r>^^&r f fgabg, 
^Fffitt^f^^ rfigabg, *5 J: ^*&tt#*5S;# 
rfhcabg^ Sf«e8rt$CKBSftTlr>S-fe>tf 50 



[BnonwttiiMin 

[a i ] xmitcxziHmmicD-mtmwiCDMmmx? 

[B2] 01 ©rt*8«M<D^«CC^A 1/^**13^ 6> 
*[p]ffi!3r3>£ 0 

[i3] g^iSn*. 7l/r>a*X ^R£tt#J*, *5 

[^Ol^Hj] 

1 ViftHM 

2 b*XF> 
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3 y > % 

4 jB*J&^ 

5 AP# 

6 WP# 
7 

8 msm 

9 

io z^vmimw 

1 1 *>i>jim# 

12 m&m.y-oi'Z io 

1 3 ttSP8Pm#*S30ES 

14 nmmtfzmLfr 

1 5 s^n 

i6, i7, is ttte.mw&m 

1 9 rgJ^O^f&^D ? ^ 

2 0. 2 1, 2 3 SlU^a^ 
2 2 Kl?a»5 

Nzylneu Z/'J >#3© 1 frfltCteUT©^^ 
jfrfcKOlHiSftStitfHBL kmo 1 20 

N z y 1 i r g Sfg©«K8sft> 6 ~> U > # 3 F*J Cc 
•otC'SMm *fi:kmol 
Nzylges Iftmte.isMXi' V >#3 (C<f: OCRii 
*!»JtBfc£fttfrF«. lfi:kmol 
Vtot ^';>^3©Ml$S, #fi£:m3 
Vhub ~>y >^3©?TgSS. ^{4 : m3 
psaug AP#5*5BD-C<,>-2>.i:£©®iSm7F*3© 
EE#> m<4: N/m3 

tsauj AP^S^HDTt^Si^OORfm?!^© 
zSg. ^{4 : K 30 
Vsaug tR^7©SS. m&: m3 
Nsaugges 5RmW7|*)K:^£ 
^{4 : kmo 1 

Nzuges 7 tc JW&B#IHSfc 9 SAT 

$L kmol/s 

Nabges «ft«7*»6*tt«flHiafcD*l»ia*tl 
•SfifcT-fcSL ^{4 : km o 1 /s Nzutev 
iIM#l 1 €r/M,T*{4B$p^fcf3S£A-r-S^^ * 
fi: kmo 1/s 

Nzudk 1&9ft9*ftlsXmimfflmtc*)%LA-?Z> 40 
tt-T-Wt. #{4: kmo 1/s 

Nzuagr 8Mn#Xg?U#l 4^0T^{4B$p B ^ 
fcOSEAT ¥fi:kmol/s 
n m o t ftmmm l <DEI£)Sl£. #{4 : r pm 
rfges «*WS7 2»e>©£ir*B*t3t»Ji. #{4 : % 
rfsesro ft^©^frtB*f3tiia. ^ 

<4: % 

tores AP#5*5BBDTC>££#©*»J!Eg4rt© 
fflS. m<4 : K 

tbras aP#8a*H£Tt>S4*©*«£4rt© 50 
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?SK. ^(4 : K 

p a b g #»*8 rt©)E^. m<4 : N/m 3 
T B#^. #{4 : » 

R *'XgS:83 14Nm/kmol*K 

K mm : 1 2 0 

^2 

Nzylneu=Nzylges-Nzyl irg 
Nz y 1 g e s = (psaug* (Vtot+Vhu 
b) ) / (R* tbres) 

Nzyl i rg = <pabg*Vtot)/(R*tb 
r a s ) 

Nabges = (Nzylneu*nmot)/K 
Nsaugges= (Nzuges-Nabges) * 
T 

psaug= (Nsaugges*tsaug*R)/ 
Vsaug 

Nzuges=Nzutev+Nzudk+Nzuag 
r 

rffgtero *BS*3£%e. 71/-;^^, 

rfhctero *B*f3fc*B, *HKtt#*. £ 

rffgdkro ffi^lSltt. 80 

rfagro £ir*B*tftitt. ^SPPM^'^KL^e 

rffgagro tB*tfc*fi\ 7 U s>ix»#.X, ^g0 

rfigagro *B*ttt*SS. ^tttf*. ^SBSFm 

rfhcagro ffi*»SWUL ?I*tt*f;*. nSBSFM 

rfabgges i^irtB*f3tiSS> SF»#X 

rf fgabg WtimS.. m%.tf*.f*l<D? U 5- V* 

r f i g a b g *B*f?E»S. #Mn#.X|*3©;RS14;tfX 

rfhcabg *B*f?£Wfi. iM^^rtOpJItt^^ 

k f g a b g gfm**XF«5©7 U v 

k i g a b g gFM*'^F«9©^Fffitt**XSS 

k h c a b g gMS#X|*3©pJ*K14;tf 

rffg ffi*f3t«fi. 71/^ 

rf ig tB2*5t«tfi, ^Fffitttf* 

r f h c ta^«fi. siw&a?. 

r f f g i r g tB*t3t*S. 7 U -j I'd. # X. ftgPSF 
r f i g i r g tB^*i. ^FiSlitfX, rtSPSMstf 
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rfhcirg *bs«e»m, nj«tt#*. ftmmx 

rf iguvg *B*tfB»S, *$Stt2f*, 

rfhcuvg amm^mm^tm&. ~*jM±*fx. 

rk fBttftffHttitt 

tt»4 10 
rfges r o = r f f g t e r o+ r f f gdkr o 
+r ffgagro+rf i gagr o+r f hct e 
ro + r f hcagr o 

rfges=rf fg+rf ig+rfhc * 
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rf tero=rffgtero+rfhctero 

rf fguvg=rf fg+r f fgi r g 

rf fguvg=rf ig+rf igirg 

r f hcuvg=r fhc+rfhc i rgr 

rf irg=rffgirg+rf igirg+rfh 

c i rg 

r f abgges=r f f gabg+r f i gabg + 
r f hcabg 

kf gabg=rf f gabg/r f abgges 
kigabg=rf igabg/rf abgges 
khcabg=r fhcabg/r f abgge s 
r f agr o=r f f gagro+r f igagro + 
r f hcagro 
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